Pulses of prolactin promoter activity depend on a noncanonical E-box that can bind the circadian proteins CLOCK and BMAL1.
Recent findings from our laboratory and those of others demonstrated that prolactin gene expression (PRL-GE) oscillates in single living mammotropes, but little information is available on the molecular processes that contribute to this phenomenon. To elucidate the source of this activity, we generated a series of constructs containing decreasing lengths of the PRL promoter fused to a luciferase reporter gene. These constructs were injected into single cells and assayed for photonic activity. We found pulse activity with all plasmids tested, even with the smallest promoter fragment of 331 bp. Sequence analysis of this fragment identified two potential E-boxes (elements known to bind CLOCK and BMAL1 circadian proteins). Furthermore, RT-PCR of PRL cells (pituitary, MMQ, and GH(3)) revealed expression of clock and bmal1 as well as five other clock genes (per1, per2, cry1, cry2, and tim), suggesting that the circadian system may function in PRL cells. Next, we mutated the core sequences of both E-boxes within the 2.5-kb PRL promoter and found that only mutation of the E-box133 completely abolished PRL-GE pulses. EMSAs revealed that CLOCK and BMAL1 were able to bind to the E-box133 site in vitro. Our results demonstrate that PRL-GE pulses are dependent on a specific E-box binding site in the PRL promoter. Moreover, the indication that CLOCK/BMAL1 can bind to this site suggests that these circadian proteins, either alone or in conjunction with other factors, may regulate intermittent PRL promoter activity in mammotropes, perhaps by acting as a temporal switch for the on/off expression of PRL.